Abstract-As an example ofthe application ofthe lntemational Criticality Safety Benchmark Evaluation Project (ICSBEP) work to the nuclear industry, the validation of the control module CSAS26 of SCALE 4.4a for criticality calculations on a personal computer platform is presented. This work has been done using the models of critical experiments being compiled by the Organisation for Economic Co-operation and Development/Nuclear Energy Agency (OECD/NEA) since 1992. The description and results of this compilation were first presented during the Fifth lntemational Conference on Nuclear Criticality Safety (ICNC'95). Out of 2881 critical configurations included in the latest edition (September 2002) of the ICSBEP "lntemational Handbook of Evaluated Criticality Safety Benchmark Experiments." NEA/NSC/ DOC(95)03, OECD/NEA, 131 have been selectedfor the CSAS26 validation. The selected critical experiments have characteristics similar to the systems to be simulated with CSAS26 for low-enriched uranium (LEU) fuel fabrication applications. They represent both homogeneous configurations and hexagonally pitched rod lattices of low-enriched (from 1.60 to 5.00 wt% 235U) U02 with several absorbers. The statistical uncertainties related to the application of CSAS26 for criticality calculations are also evaluated. The great number of cases involved allows an exhaustive statistical treatment of the data, including the analysis of correlations related to the type of system being simulated. The statistical uncertainties found are very small. As a result, the module CSAS26 is considered as a quite suitable calculational method for application to criticality safety analysis at LEU facilities.
l. INTRODUCTION
NITAWL-II/KENO-VI) of SCALE 4.4a to execute criticality calculations on a personal computer platform. One of fue most commonly used validation strategies consists of simulating critical configurations by using fue calculational method intended to be validated and comparing the results to the previously known experimental values. Following this approach and starting with the experimental data from Ref. 2, the next sections of this paper present fue results obtained from the simulatían of 131 critical configurations performed using the control module CSAS26 with the 44-group library ENDF/B-V. Calculations were executed on a Pentium II/450-MHz machine with Windows NT 4.0 Terminal Server OS. Afterward, fuese results are compared to the benchmark value of each critical configuration, thus obtaining the bias of fue method and fue related statistical uncertainties.
As established in fue standard ANSIjANS-8. (Reí. 1), any calculational method used to analyze fue behavior oí systems containing fissionable material has to be validated to determine fue bias and related uncertainties. This process allows normalization of fue method within its range of applicability in such a way that it is able to correctly predict criticality conditions within fue limits oí fue uncertainties related both to fue bias and to the keff of each particular case. Thus, the present paper presents fue results and methodology applied for fue validation of the control module CSAS26 (BONAMIj * The experimental configurations studied in fue ZR-6(M) critical assembly used VOz rods of several enrichments, between 1.60 and 4.40 wt% 235V. In some cases, these configurations included different types of absorber rods (with B, Eu, or Gd) and different concentrations of H3B03 dissolved in the moderator (light water). By changing these parameters, as well as fue geometry of the configurations or their temperature, up to a total of 334 configurations were studied, 165 of which are included in Ref. 3 
where Fig which allows one to define k. the maximum allowable value for the keff of fue system subjected to study as a function of fue required ~km. The values of kc and ~kc must be estimated from fue results of fue simulation of critical experiments. Checks on correlations of fue results related to fue different parameters taken joto account (enrichment. pitch, etc.) in fue simulated systems were carried out; no trends were observed. Thus. all13l cases in Table 1 are considered as an unique sampling group and were checked for normality applying fue D' test as recommended by Ref. 10 when fue sample size n > 50. Once normality of fue population is assumed. fue estimator of kc can be computed using fue arithmetic mean of fue individual km(i): 
ill. ANALYSIS OF THE RESULTS
The selected 131 critical experiments have been sim-.
ulated by means of CSAS26 with the 44-group library ENDF/B-V. As a result of this simulation, the multiplication factors km(i) (i = 1,... ,131) shown in Table I are obtained, along with their respective errors of the mean, designated as CTm(i). A total of 250 generations of 1500 neutrons each were ron for each calculation. In order to minimize the variance of the results, the fifSt 50 generations were skipped in all calculations. These are the valDes of km(i) and CT m(i) that are included in Table l . In all cases, the experimental value of keff is assumed to be 1.0000 as specified in the original references, though its accuracy depends on the configuration. Thus, the experiments performed under similar conditions are grouped in Table l 
and fue internal variance oí fue data u;, detennined from fue quadratic means oí fue deviations u m(i) and of fue uncertainties Iexp(i (5) 3Read as 1.6322 X 10-5.
Taking into account fue rule for fue addition of variances of statistically independent random variables, we have Table 11 shows fue values of f.c, s;, and u; resulting from fue application of expressions (3), (4), and (5).
where the coverage factor Kc depends on the significance level (i.e., probability) P = 1 -a desired to compute kco Applying fue criteria established in the standard,12 the USL must be determined as a 95/95 one-sided tolerance limito Mathematically, the problem is to find a Kc such that
IV. CONCLUSIONS
Substituting the numerical values of the parameters in Eq. (10) and kp and kc by their estimators, the final expression, which compares the maximum allowable value for the keJ] of fue system subjected to study with fue required L\km, is obtained: 
where kp and u p are fue values supplied by CSAS26 for fue keff of fue particular system and for its standard deviation, respectively, and dkm is fue additional (arbitrary) safety margino FinaUy, if fue numerical values of Table 11 are substituted into Eq. (1), fue expression for fue USL as a function of dkm is obtained:
The results of fue statistical approach described in this paper have been compared with fue methodology stated in Ref. 13, which leads to fue conclusion that both approaches give similar results. In fact, fue USL, as stated by expression (12), isjust 0.1% more conservative than fue most pessimistic value obtained by means of fue method described in Ref. 13, which gives an idea ofhow clase the results obtained by both approaches are.
Expressions (11) and (12) stand for calculations performed with fue 44-group ENDF/B-V library on systems with features similar to those of the critical configurations used for fue present validation. Basically, such systems are thermal, homogeneous configurations and hexagonally pitched lattices of rods ofLEU (enrichment below 5.0 wt% 235U) with light water moderation. The uncertainties found are very small, so that CSAS26 is considered as a quite suitable calculational tool for application in LEU facilities. Pr{Pr(X:$ i + Kcs) ~ P} = 'Y ,
where X follows a nonnal distribution and P and 'Y are the specified probabilities, both equal to 0.95. Then, Kc is the quantile verifying Pr{T¡ :S Kc Vñl Cp Vñ} = 'Y ,
where T¡ is the noncentral -t Student's distribution with f = n -1 degrees offreedom and Cp is the Z¡-a value of the standard nonnal distribution. In our case f = 130, a = 0.05, and 'Y = 0.95. Opon these conditions, Kc = 1.888. The tenn Akp, related to the calculation uncertainty of a particular case, is determined from the calculation error u p for the estimator kp of the ke/f of the actual case. Both values are supplied by CSAS26. This uncertainty is computed by multiplying u p by the coverage factor Kp related to the desired significance level. Taking into consideration that both kp and u p are computed after a large number of Monte Carlo generations (250 at least) whose ke/f's follow a nonnal distribution, the upper limit of the one-sided 'Y confidence interval of the estimator kp is given taking Kp = Z¡-a, where Z¡-a is the quantile ofthe standard nonnal distribution corresponding to the desired confidence level. If a = 0.05, ZO.95 = 1.645. Conservatively, Kp = 2 is assumed, and thus, IAkpl = 2up.
This new tenn must be added to Eq. (6) following the variance's addition role, which leads to IAkpl + IAkcl = -.JK;u; + K;(s; + u;) ,
which allows rewriting Eq. 
